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泳法(Single cell gel electrophoresis, SCGE)测定褐菖鲉肝细胞DNA断链损伤程度
后，对肝细胞 DNA 修复动力学过程也进行了研究。最后，运用 RT－PCR 技术测
定了两个特征基因 PCNA 和 pol-β 的相对表达量，以探索 B(a)P 对 DNA 修复系
统的损伤。上述结果的分析表明： 
经注射染毒后褐菖鲉胆汁内的苯并芘及其代谢产物蓄积量与染毒时间和染
毒浓度均呈正相关，存在着明显的剂量效应和时间效应关系。第 1, 4, 7d 各染毒
组鱼体胆汁内苯并芘及其代谢产物的蓄积量与对照组相比均有极显著增加。 
利用单细胞凝胶电泳法对苯并芘造成的 DNA 断链进行测定表明：对褐菖鲉
进行注射染毒 B(a)P 1, 4, 7d 后，各染毒组 DNA 断链与对照组相比均有显著增加，
且 DNA 损伤效应与染毒剂量之间有剂量效应关系；各染毒组随染毒时间的延长




看，B(a)P 的染毒时间与褐菖鲉肝脏细胞的 DNA 修复能力呈负相关。 
对与 DNA 修复有关的蛋白 PCNA 和 pol-β 的基因表达量进行了测定，结果
表明：低浓度组 PCNA 的表达为明显的钟形变化，在第 1d 就有明显诱导，第 4d
达到最大，为对照组的 2.57 倍，而后下降；中高浓度组均在第 1d 有最大表达量，

















的表达则在第 1d 都达到最大，分别为对照组的 1.84、2.64、3.10 倍，而后逐渐
下降至低于对照水平，但高浓度组在第 7d 仍高于对照组。 
对上述指标进行综合分析，本文认为：第一，B(a)P 对褐菖鲉肝细胞 DNA
造成的损伤后果包括直接损伤如 DNA 断链和对 DNA 修复系统的损害，在面对
损伤胁迫时，鱼体内的修复系统及时运转保护鱼体免受更大的损伤。第二，在长
时间暴露于高浓度 B(a)P 的情况下，DNA 修复系统也会不可避免的受到损害。
第三，在 DNA 断链修复中，具有两种不同的修复机制：pol-β主导的短补丁修复
(SP 修复)以及 PCNA 主导的长补丁修复(LP 修复)，本实验结果表明在 B(a)P 暴
露后的褐菖鲉肝细胞内，这两种修复机制均参与了 DNA 修复过程。在观察 B(a)P
在鱼体胆汁内的蓄积量与 PCNA 和 pol-β之间的响应关系后，提出 PCNA 可作
为潜在的生物标志物表征鱼体内的 B(a)P 蓄积程度。 


















Polycyclic aromatic hydrocarbons (PAHs), as the most common toxic organic 
pollutants in ocean, do great harm to marine organisms. Extensive data exist to 
confirm that Benzo[a]pyrene (B(a)P) is toxic to marine organisms, as a typical 
member of the PAHs family. Sebastiscus marmoratus have been injected with three 
doses of B(a)P (0.05 mg/kg, 0.50 mg/kg, 5.00 mg/kg) each two days, sampled in 1st, 
4th, and 7th day. The contents of B(a)P and its metabolites in bile were determined by 
fluorodensitometry, DNA damages and DNA repair dynamics in liver cells were 
measured by Comet assay, the expressions of PCNA and pol-βin liver were evaluated 
by RT－PCR. The results showed that: 
1. The content of B(a)P and its metabolites revealed significant dose and 
time-dependent increasing. 
2. The Comet assay indicated that there existed a significant increasing in DNA 
strand breaks between the injected groups and the control (P<0.01), and a 
high correlation with dose existed between the overall increase. But the 
results showed a low correlation with time in all injected groups. The DNA 
damage levels do not change dramatically with time. It had a slight drop in 
the 4th day and a little raise in the 7th day. 
3. The DNA repair dynamics revealed a significant dose-dependent increase in 
DNA repair capacity at the 1st day. A decrease and a reversion in DNA 
repair capacity were observed in the 4th and 7th day. In general, there is a 
negative correlation with time in all injected groups. 
4. The evaluation of the expression of PCNA and pol-β showed that: the 
expression of PCNA in 0.05 mg/kg group started to increase in the 1st day 
and had a significant increase to 2.57 times as control group in the 4th day, 
and a decrease in the 7th day. Significant decreasing with the expression of 

















1.98 times as control group in the 1st day to the level verge on the control 
group. The expression of pol-β in all injected groups decreased from 1.84, 
2.64, 3.10 times as control group in the 1st day to the level lower than 
control group in the 7th day, except a higher expression than control group 
in 5 mg/ kg groups.  
Three important conclusions could be drawn from the above: firstly, the damage 
of B(a)P to liver cells DNA of sebastiscus marmoratus included the direct DNA 
damage such as DNA strand breaks and the damage to the DNA repair system. Under 
the stress of B(a)P, DNA repair system protected DNA against the huge damage. 
Secondly, after exposure to high concentration of B(a)P in a relative long time, 
damage occurred to the DNA repair system inevitably. Thirdly, there were two 
different repair mechanisms in DNA repair. The short patch repair led by pol-β and 
the long patch repair led by PCNA both were involved in the DNA repair process in 
liver cells of sebastiscus marmoratus after the exposure to B(a)P. PCNA was 
considered as a potential biomarker for monitoring the bioaccumulation of B(a)P. 































烃的中间代谢物和自由基的产生，导致了各种 DNA 损伤，如 DNA 链断裂
(Shugart,1988；Mitchelmore 等, 1998；陈奕欣等，2000)、DNA 加合物形成(Ericson
等, 2000；Malmstrom 等, 2000)等。 
DNA 损伤在机体内随时都可发生，但生物体可通过 DNA 修复系统对 DNA
损伤进行修复(Unal 等, 2004)。DNA 修复是抵御 DNA 损伤的主要机制，使细胞
死亡、复制错误、突变、DNA 损伤的持久以及遗传的不稳定性降到最低程度
(Hoeijmakers, 2001)。 在正常生理条件下，绝大多数的损伤在 DNA 复制前就被
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